Turbulent luminance in impassioned van Gogh paintings 
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PACS numbers: 

Everything in the last period of Vincent van 
Gogh paintings seems to be moving; this dynami- 
cal style served to transmit his own feelings about 
a figure or a landscape. Since the early impres- 
sionism, artists emprically discovered that an ad- 
equate use of luminance could generate the sen- 
sation of motion. This sentation was more com- 
plex in the case of van Gogh paintings of the last 
period: turbulence is the main adjective used to 
describe these paintings. It has been specifically 
mentioned, for instance, that the famous paint- 
ing Starry Night, vividly transmits the sense of 
turbulence and was compared with a picture of a 
distant star from the NASA/ESA Hubble Space 
Telescope, where eddies probably caused by dust 
and gas turbulence are clearly seen [Ij. It is the 
purpose of this paper to show that the probability 
distribution function (PDF) of luminance fiuctu- 
ations in some impassioned van Gogh paintings, 
painted at times close to periods of prolonged psy- 
chotic agitation of this artist, compares notable 
well with the PDF of the velocity diff"erences in 
a turbulent flow as predicted by the statistical 
theory of Kolmogorov. This is not the first time 
that this analogy with hydrodinamic turbulence 
is reported in a field far diff"erent from fluid me- 
chanics; it has been also observed in fluctuations 
of the foreign exchange markets time series [2j. 

Luminance is a measure of the luminous intensity per 
unit area. It describes the amount of light that passes 
through or is emitted from a particular area, and falls 
within a given solid angle Its psychological effect 
is bright and thus is an indicator of how bright a sur- 
face will appear. Luminance has been used by artists 



to produce certain effects. For instance, the technique 
of equiluminance has been used since the early impres- 
sionism to transmit the sensation of motion in a paint- 
ing. Notably Claude Monet in his famous painting Im- 
pression, Sunrise used regions with the same luminance, 
but constrasting colors, to make his sunset twinkle. The 
biological basis behind this effect is that color and lumi- 
nance are analyzed by different parts of the visual system; 
shape is registerd by the region that process color infor- 
mation but motion is registered by the colorblind part. 
Thus, albeit equiluminant regions can be differentiated 
by color contrast, they have poorly defined positions and 
it may seem to vibrate . It seems likely that van Gogh 
dominated this technique but some of the paintings of 
his last period produce a more disturbing feeling: they 
transmit the sense of turbulence. By assuming that lu- 
minance is the property that van Gogh used to transmit 
this feeling (without being aware of it), we will quantify 
the turbulence of some impassioned paintings by means 
of a statistical analysis of luminance, similar to the sta- 
tistical approach that Andrei Kolmogorov used to study 
fluid turbulence. 

We mainly study van Gogh's Starry Night (June 1889), 
which undoubtedly transmits the feeling of turbulence. 
Also, as samples of another turbulent pictures, we ana- 
lyze Wheat Field with Crows (July, 1890, just before van 
Gogh shot himself). Road with Cypress and Star (May, 
1890) and Self-portrait with pipe and bandaged ear (Jan- 
uary, 1889). By considering the analogy with the Kol- 
mogorov turbulence theory, from our results we can con- 
clude that the turbulence in luminance of the studied van 
Gogh paintings is like real turbulence. Thus, the distri- 
bution of luminance on thes paintings exhibit the same 
characteristif features of a turbulent fluid. This rcsul may 
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Vincent van Gogh's Siarry JS'igbi 
www.moiiia.argAxillectlon'pr1ntable_v1ew.php?abJect_lci=TSia02 

FIG. 1: Vincent van Gogh's Starry Night. 



offer a clue on why van Gogh was capable of transmitting 
the feeling of turbulence with high realism. Our results 
also reinforce the idea that scientific objectivity may help 
to determine the fundamental content of artistic paint- 
ings, as was already done with Jackson Pollock's fractal 
paintings |^ 0|. Along this same ideas, it also worthy 
to mention that another notable ability of van Gogh was 
recently remarked with an experiment with bumblebees 
that had never seen natural flowers; insects were more 
attracted by van Gogh's Sunflowers than by other paint- 
ings containing flowers 0. From this observation, Chit- 
tka and Walker suggest that van Gogh's flower paintings 
have captured the essence of floral features from a bee's 
point of view. 

The statistical model of Kolmogorov |^ is a founda- 
tion for modern turbulence theory. The main idea is that 
at very large Reynolds numbers, between the large scale 
of energy input (i) and the dissipation scale (77), at which 
viscous frictions become dominant, there is a myriad of 
small scales where turbulence displays universal proper- 
ties independent of initial and boundary conditions. In 
particular, in the inertial range Kolmogorov predicts a 
famous scaling property of the second order structure 
function, 5'2(R) = {{6vr)'^), where 6vr = w(r-t-R) — ^(r) 
is the velocity increment between two points separated 
by a distance R and v is the component of the velocity 
in the direction of R. In his first 1941 paper Kol- 
mogorov postulates two hypotheses of similarity that led 
to the prediction that 52(R) scales as (ei?)^^'^, where 
R = ||R|| and e is the mean energy dissipation rate per 
unit mass. Under the same assumptions, in his second 
1941 turbulence paper Kolmogorov found an exact ex- 
pression for the third moment, {{5vfi) ), which is given 
by 53 (R) = -|ei?. And even more, he hypothesized 
that this scaling results generalizes to structure func- 
tions of any order, i.e. 5'„(R) = {{Svh)"") oc i?^", where 
= n/'i- Experimental measurements show that Kol- 
mogorov was remarkably close to the truth in the sense 
that statistical quantities depend on the length scale R 
as a power law. The intermittent nature of turbulence 
causes, however, that the numerical values of ^„ devi- 
ate progressively from n/3 when n increases, following 
a concave curve below the ri/3 line 1962, Kol- 

mogorov and Obukhov recognize that turbulence 
is too intermitent to be described by simple power laws 
and propose a refinement that yields a log-normal form 
of the probability density of e. 
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FIG. 2: Semilog plot of the probability density Pr{5u) of lu- 
minance changes Su for pixel separations R = 60, 240, 400, 
600, 800, 1200 (from bottom to top). Curves have been ver- 
tically shifted for better visibility. Data points were fitted, 
according to Ref , 13j , and the results are shown in full lines; 
parameter values are A = 0.2, 0.15, 0.12, 0.11, 0.09, 0.0009 
(from bottom to top). 



An important function to characterize turbulence is 
the PDF of velocity differences Svfi, and different models 
have been proposed to describe the shape of this func- 
tion at different scales R. We adopt here the approach 
by Castaign et al. that, supported by experimen- 

tal results, follows the idea of the log-normal form of e. 
By superimposing several Gaussians at different scales, 
it is inferred that the shape of the PDF goes from nearly 
Gaussian at large scales R to nearly exponential at small 
scales. The number of superimposed Gaussians is con- 
trolled by a parameter. A, which is the only parameter 
that must be fitted to the data. A large value of A means 
that many scales contribute to the results, and thus the 
PDF develops tails that decay much slower than a pure 
Gaussian correlation. 

Starry Night, painted during his one year period in 
the Saint Paul de Mausole Asylum at Saint-Remy-de- 
Provence, is undoubtedly one of the best known and 
most reproduced paintings by van Gogh (Fig. P). The 
composition describes an imaginary sky in a twilight 
state, transfigured by a vigorous circular brushwork. To 
perform the luminance statistics of Starry Night, we 
start from a digitized, 300dpi, 2750 x 3542 image ob- 
tained from The Museum of Modern Art in New York 
(where the original paint lies), provided by Art Resource, 
Inc. In a digital image, the luminance of a pixel is 
obtained from its RBG (red, green and blue) compo- 
nents as [i3 0.299i? + 0.587G + 0.1 14B. This approx- 
imate formulae takes into account the fact that the hu- 
man eye is more sensitive to green, then red and lastly 
blue. Thus, we calcuate the PDF of pixel luminance 
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FIG. 3: (a) Log-log plot of the statistical moments {{5u{R))") , 
with n — 1, 2, 3, 4, 5 (from bottom to top). The notation In 
denotes a natural logarithm and in each case the stright line 
indicates the least-squares fit to the range of scales limited by 
the two dashed lines in the plot; (b) exponent ^„ of the statis- 
tical moments as a function of n. For a given n, the exponent 
and error bar was caclulated by the method proposed in Ref. 
^55; (c) Dependence of A'^ on R. Data points are fitted to a 
straight line by a least-square method. 



fluctuations by building up a matrix whose rows con- 
tain difference in luminance Su and columns contain sep- 
aration between pixels R. From this matrix, we deter- 
mine the normalized PDF of the luminance differences 
PniSuR) = 5uR/{{{6uRf)Y/^. In FigureElwe show this 
function for six pixel separations, R — 60, 240, 400, 600, 
800, 1200. In order to rule out scaling artifacts, we have 
systematically recalculate the PDF function to images 
with lower resolutions (with an adequate rescaling of the 
pixel separations R). No significative differences appear 
up to images with resolutions lower that 150 x 117 pixels, 
where the details of the brushwork are lost. 

We can take the analogy with fluid turbulence further. 
By considering the large length scale as L = 2000 pixels, 
which is size of the largest eddy observed in the Starry 
Night, in Fig. 3a, we show a log-log plot of the statisti- 
cal moments with n = 1, 2, 3, 4, 5 (from bottom to top), 
that show power-law regimes. In each case stright line in- 
dicates the least-squares fit to the range of scales limited 
by the two dashed lines in the plot. In Fig. |3Jd, the scal- 
ing exponent of the first ten statistical moments are 
shown as a function of n. Albeit data point can be fitted 
with great accuracy to a straight line (implying a simple 
scaling consistent with a self-similar picture of turbulence 
but no with intermittence), scaling exponents show devi- 
ations from the self-simmilar values as indicated by the 
error bars. To determine scaling exponents and error 
bars, we follow the method proposed in Ref. based 
on local slopes. 

The PDF of luminance, for a given _R, shown in Fig 
El were fitted according to the model by Castaign et al. 
|l3l | yielding a notably good fit. Results are shown in the 
same figure with full lines; parameter values are A = 0.2, 
0.15, 0.12, 0.11, 0.09, 0.0009 (from bottom to top). 

Finally, FigureOt shows the dependence of on ln(i?) 
for the first six moments. As expected, the parameter A^, 
which measures the variance of the log-normal distribu- 
tion jlJl, decreases linearly with ln(i?) 
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FIG. 4: Wheat Field with. Crows (top) and its PDF (bottom) 
for pixel separations R = 10, 40, 80, 150, 250, 350 (from 
bottom to top). The studied image was taken from the Van 
Gogh Museum, Amsterdam, webpage. 
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FIG. 5: Left: Road with Cypress and Star (Rijksmuseum 
Kroller-Miiller, Otterlo). Right: PDF for pixel separations 
it = 2, 5, 15, 20, 30, 60 (from bottom to top). The studied 
image was taken from the WebMuseum-Paris, webpage. 



From van Gogh's 1890 period, we firstly analyze Wheat 
Field with Crows, which is one of his last paintigs. To per- 
form the luminancwe statistics we use a digitized, 300dpi, 
5369 X 2676 image obtained from The Van Gogh Museum, 
in Amsterdam, provided by Art Resource, Inc. Figure 01 
shows the PDF for six pixel separations. Secondly, we 
analyzed Road with Cypress and Star, that was painted 
just after the last and most prolonged psychotic episode 
of van Gogh's life, lasting from February to April 1890, 
during which the artist suffered terrifying hallucinations 
and severe agitation We use a digitized, 300dpi, 

815 X 1063 image obtained from the WebMuseum, Paris, 
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gesting new tools and approaches that open the possibil- 
ity of quantitative objective research for art representa- 
tion. 

This work has been partially supported by by DGAPA- 
UNAM (Grant No. IN-108502-3), CONACyT (Grant 
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FIG. 6: Self-portrait with pipe and bandaged ear and its PDF 
for six pixel separations, R = 2, 5, 15, 20, 30, 60 (from bottom 
to top). The studied image was taken from The Vincent van 
Gogh Gallery webpage. 



webpage. Figure El shows the PDF for six pixel separa- 
tions. In both cases the curves show close simmilarity to 
the behaiviour of the PDF of fluid turbulence. 

For comparison purposes, in Fig. |^we show van Gogh's 
Self-portrait with pipe and bandaged ear and its PDF for 
six pixel separations. In a well known episode of his life, 
on 23 December 1888, Vincent van Gogh mutilated the 
lower portion of his left ear. He was hospitalized at the 
Hotel-Dieu hospital in Aries and prescribed potassium 
bromide After some weeks, van Gogh recovered 

from the psychotic state and, in a stage of absolute calm 
(as himself described in a letter to his brother Theo and 
sister Wilhemina H^), he painted the self-portrait with 
pipe. As it can be seen in Fig. the PDF of this paint 
departs from what is expected in Kolmogorov's model 
of turbulence. We analyzed a 300dpi, 605 x 732 image 
obtained from The Vincent van Gogh Gallery webpage. 

In summary, our results show that Starry Night, and 
other impassioned van Gogh paintings, painted during 
periods of prolonged psychotic agitation trasnmited the 
escence of turbulence with high realism. We use Kol- 
mogorov's model of turbulence to determine the degree 
of "realism" contained in the paintings. We are also sug- 
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